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REMARKS 

Claims 23-27 are added. Therefore, claims 14-27 are pending in the present application. 
Claims 23-27 are supported by page 5. lines 19-23 of the specification. Claim 14 is amended to 
clarify the claimed invention. 

It is respectfully submitted that the present amendment presents no new issues or new 
matter and places this case in condition for allowance. Reconsideration of the application in view 
of the above amendments and the following remarks is requested. 

1. The Restriction Requirement 

The Office maintained the restriction requirement between the following groups: 
Group I - claims 1-5 and 9-10 drawn to animal feed comprising protease and methods of 
making; 

Group II - claims 6-7 drawn to feed additives comprising protease; and 
Group III - claims 8 and 13 drawn to feed additives comprising protease and glucanase. 
The restriction requirement is respectfully traversed. 

As mentioned in the prior response, the test for determining whether inventions which are 
related as combination and subcombination are distinct and therefore subject to a restriction 
requirement fs set forth in the Manual of Patent Examining Procedures, section 806.05(c). The 
two prongs of the test are that "(1) the combination as claimed does not require the particulars of 
the subcombination as claimed for patentability, and (2) the subcombination has utility by itself or 
in other combinations." Both prongs must be satisfied in order for these related inventions to be 
distinct. 

In the present case, the claims to the combination (i.e., feed compositions) contain all off 
the limitations of the claims to the subcombination (i.e., feed additives). Therefore, the first prong 
of the above test is not met and, therefore, restriction between claims 14-16 and claims 17-19 is 
improper. 

The Office stated that "The feed by virtue of being acted upon by the protease has been 
modified." This is not understood. Both the animal feed addftrve and additive feed composition 
claims contain a protease component. Therefore, they are related as a combination and 
subcombination. 

Applicants also enclose a copy of U.S. Patent No. 5.989.600 which includes daims drawn 
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For the foregoing reasons, Applicants respectfully request reconsideration and withdrawal 
of the restriction requirement. 

II. The Rejection of Claims 14-16 under 35 U.S.C. 102 

Claims 14-15 are rejected under 35 U.S.C. 102(b) as being anticipated by Van Heyningen 
et al. (1971 ) and Van Heyningen (1972), These rejections are respectfully traversed. 

Van Heyningen et al. disclose a protease from Acremonium kiliense, ATCC 20338. The 
protease is disclosed in solutions containing various trace and macro minerals (e.g, Zn^*). 

However, Van Heyningen et al. do not disclose animal feed additives and compositions, 
comprising an acid-stable protease, a vitamin and a trace mineral, as claimed herein. AoDlicants 
therefore submit that this rejection has been overcome. 

III. The Rejection of Claims 14-16 under 35 U.S.C. 102 

Claims 14-16 are rejected under 35 U.S.C. 102(b) as being anticipated by Outtrup et al. 
(U.S. Patent No. 5,597,720). This rejection is respectfully traversed. 

Outtrup et al. disclose a protease preparation comprising PD498 from Bacillus $p., NCIMB 
40484. The preparations disclosed In Outtrup et al. comprise the protease as well as Na (column 
3/66), P (column 4/34), alkali metal salts (5/22), and various other components (column 5), 

However, Outtrup et al. do not disclose animal feed additives and compositions, 
comprising an acid-stable protease, a vitamin and a trace mineral, as claimed herein. Applicants 
therefore submit that this rejection has been overcome. 

IV. The Rejection of Claims 14-1 5 under 35 U.S.C. 1 02 and 1 03 

Claims 14-15 are rejected under 35 U.S.C. 102(b) as being anticipated by, or in the 
alternative, under 35 U.S.C. 103(a) as obvious over Aunstrup et aL (U,S. Patent No. 3,674,643). 
This rejection is respectfully traversed. 

Aunstmp et al. disclose a protease derived from Bacillus alkalophilus. NCTC 4553 and 
NCIB 8772. 

However, Aunstrup et al. do not disclose or suggest animal feed additives and 
compositions, comprising an acid-stable protease, a vitamin and a trace mineral, as claimed 
herein. Applicants therefore submit that this rPiPcfion h;^*; been ov^^rromn 
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V. The Rejection of Claims 14-1 6 under 35 U.S,C. 1 02 

Claims 14-16 are rejected under 35 U.S.C. 102(b) as being anticipated by Ichishimia et aL 
(U.S. Patent No. 4,480,037), This rejection is respectfully traversed. 

Ichishimia et a! disclose the protease derived from Bacillus alcalophilus NCIMB 10438 in 
Table 2 and column 9. In order to analyze remaining protease activity as indicated in Table 2, 
Ichishrmiia et al. added various salts and macro mineral containing solutions. 

However, Ichishimia et al. do not disclose animal feed additives and compositions, 
comprising an acid-stable protease, a vitamin and a trace mineral, as claimed herein. Applicants 
therefore submit that this rejection has been overcome. 

VI. The Rejection of Claims 14-16 under 35 U.S.C, 102 

Claims 14-15 are rejected under 35 U.S.C, 102(b) as being anticipated by, or in the 
altemative, under 35 U.S.C. 103(a) as obvious over Horikoshi et al. (U.S. Patent No. 4,052,262). 
This rejection is respectfully traversed. 

Horikoshi et al. disclose a purified alkaline Bacillus protease which may appear acid-stable 
as judged by the results presented in Fig. 5. 

However, Horikoshi et al. do not disclose animal feed additives and compositions, 
comprising an acid-stable protease, a vitamin and a trace mineral, as claimed herein. Applicants 
therefore submit that this rejection has been overcome. 

VII. Conclusion 

In view of the above, it is respectfully submitted that all claims are in condition for 
allowance. Earty action to that end is respectfully requested. The Examiner is hereby invited to 
contact the undersigned by telephone if there are any questions concerning this amendment or 
application. 



Respectfully submitted, 



Date: October 10, 2003 




Elias J. Laf^iris, Reg! No. 33,728 
Novozymes North America, Inc. 
500 Fifth Avenue, Suite 1600 
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[57] ABSTRACT 

The prescct invcntiod relates a method for impioving the 
solubility of vegetable proeciits. More spcci/iaiUy, ibc inven- 
tion relfltcs to rnetNxfe for the flolvbiUzAtioTi of protcits in 
vegetable protein sources, wliich methods ooiuprusc trwitiaft 
the vcgctiblc proi«id ftouroc witli an cfficicut amount of ouc 
or motr phyuse tnzyine*, mtl iniaUng the ve^i*(blc proicin 
source With an ciDoem arnount of one or iDort pn>k;olyLic 
enzymes. In another aspect, the invcntioa provides animal 
feed additives comprising a phytasc and one or roorc pro- 
teolytic eozyiDcs. 

31 Qaims DravlngK 
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METHOD FOR IMPROVING THE 
SOUJKlLiTY OF VEGETABLE TOOi EINS 

CROSS-REFtUENCE TO RELATED 
APfUCATIONS 

"Hiis appHcition is a 35 U.S.C. 371 utiional mpplicatioo of 
PCT/DK95,<Kn66 Apr 20. 1995, wbich h inccrrx) rated 
bcrciii by refcrcroc. 

TECHNICAL FIELD 

The present invcatioo relate^ to t OlCtbod for improving; 
the solubility of vegetable proteins. More ^ccifically, the 
invcDlion mlaitis lo iDcihods for ihe MilubilizaLion or pni- 
tcius ID vejjje table protein sotirces, whi^h methods comprise 
trcflling the vegetibk protein source with ao efficient 
tmoimt of one or toorc phytase cnTymts, tud trealinji the 
vegetable protein source with an efiBcieni aroovDl of one or 
muTc proteolytic enzynics. ]□ anotbcr aspect the invcDtioB 
provides anirnnlfccd additive*; (snTuprising a pbytAM ■ndcDc 
nr more proteolytic cn7ymc!?* 

BACKGROU>rD ART 

Protein jib esseotiaJ nuiriboral factor for a o. mamm;ils 
aod layers. Most livestock lod many humfln beiflgs get the 
Qecessary pro*iciDs from vegetable protein sources. Impor- 
txnt vcgcuble protein sources are e.g. ccrcafe, legume* and 
oilseed crops. 

Tlydrolyzcd vegetable proteins, such as soy protein 
hydrolysatcs, find application Dutricflts, c^. nutritional 
additives fooci-j and bevcmgc^, Hydrolyzed proteins are 
^ibsorbcd more easily than nnliydrolyscd protein, whey 
pmtcia hydrolyiitcs are coosidcrcd having tbc highest nutri- 
tional vf»lve. Several mer.bo<is for preparing protciii hydroly- 
saies arc knuwn and dejiLTibcd in i,hc liitmiure, d. e.g. U.S. 
Pat. No. 4^24,805 and WO 9215696. 

li.53«ntially all food and feed mbsttnccs originatifig Fmrn 
plants contain pbytaic and phytic acid a.s a storage phos- 
pbcrus source [cf. review in E. Graf (cd ). Phytic Acid, 
Chemistry and Applications, Mirmcapolis, U.S A , 1P^6]. 
About 75~1&% of the phocpboniR in cereals is hound as 
phytic 3cid. Phyutc comprises of all outA, ccrcais. 

kgumc^ oil 5ccds. sporcR and polled. Complex salts of 
phytic acid arc tcnned pbytin. 

Phytic acid chelates miocraU such as calcium, zioc, 
ma^incisiuru. Jind irou. thereby decreaAing the bio-availaJiiUty 

of nulnliyaally imporlanl mineralij, ami ij. generally wirMd- 
crcd an anti -nutritional factor. In Wtro studies indicaie lhai 
ph>lic acid inbibiii tbe peptic digestion of some am ma I 
proteins, whereas ihc trypsin digestion was unaffected 'cf 
Krtacldcs et a)., Journal of Food Science 1989 "5^ 
1,-^48-). \50]. 

Phyt.ises arc enzymes which catalyze the conversion of 
phytatc to inositol and inorganic pbosphonis. Phyiases have 
been ohrained from e g, Bacillus Pseudofnonas Saccharo- 
myces and Aspergillus. 

lo U S. Pat. No. 3^97^48 it has been suftgerted (o add 
microbial phytasc 10 fccd-mifis of monogastric ajiimaJs in 
nndcr to avoid j^upplemcnting The feed with inofsanic phos- 
phorus. 

It has also been conceived that pljytases may be used io 
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In summjiry it haA prcvioiusly been suggested to use 
phyta.se en7:ymc5 cither for explnfting the phfv;phnru5 bound 
ill the phytare/pbytic acid present in vcgcrable protein 
sotirocR, OT for expLoiliog the a'Jtritiooally iniportant miiicr- 
5 als bound ir phytic acid compicxe*. 

However^ there is a need lor iToproving the availability of 
the proteins present in vegetable aourccs^ e.g. cereals, 
legumes Emd oilseed cmps^ since an increased availabihty 
Icacfa to higher yields of protein bydrolyzing processes as 
10 well as ouiritiooal benefits. i.c. improved protein utilization. 

SUMMARY OF THE INVENTION 

It ha& now been found that tbc solubility of proteins 
prwcnt. in veeclabic sou rocs may be increased by tr^atir^ 
35 the vejictabfc source with an efficient auiuunt of a pbytasc 
frQAymts. By iddiiion of a phylaim duriny a proH;olyljc 
prtxxsss, higher dcitrvcs uf hydrulysis and improved piolcin 
sohJbilitv afe obtained, and vie Ids are imoroved 

Accordingly, tbc present invention provides a method for 
solubilizing proteins in a vegetable protein source, which 
method comprises treating tbe vegetable protein saurcx witb 
an cfBlcjenI amount of one or monc phy taste enzymes, and 
trcatiflg the vegetable protein soiircc with an efficient 
amouDt of ooe or more prot»olytie enzymes. 

In aaotbcr aspect, the invention provides ao animal feed 
additive comprisitig a phytase and a piotcq lytic enzyme. 

DETAILED DISCLOSURE OF THE INVENTION 
SoIuhiUtation of Vfej^table Proteins 

The present invention provide^ n method for the solubi- 
lization of proteins in a vegetable protein source, thereby 
obtaining a protein hydnolysate. The method cxtffrprites The 
steps nf 

(a) trtaiing the vegetable protein source with an efficieu! 
.15 amoiml of ottc or more phytasc enzymes; and 

(b) treating the vegetal ble protein source with an efficient 
amount of oue or more proteolytic enzymes, 

t-omparcd to known method for obtamiog protein 
b3^mlywtes, the present method improves the availability 
40 of tb* prQteiT]5, thereby leading to iocrea-scd extraction, 
higher yields and injprovcd protein utilization. 

Tbc vegetable protein source *ubjcctod to tbe method of 
tbe invention may be any ppoteinaccou* vegetable, in par- 
ticulor a Jcgume, a cereal, n compowtc plant Of a crucifcra. 
4S Preferably, the legume is selected from the group coosisting 
of soy bean, fab a bean, pea, and lupine {JLupinus alhu^), 
more preferably rhe legume ir soy becns Preferably, the 
ccrcflt is selected from the groiip coosi.^nng of v'.'bcai, com, 
barley, rye, oat. Hoc, sorghtim, ftcv.mc (S€Samum indician)^ 
50 and millet {Pardcum nuliaceum). \n ctampje of a UAefn] 
composite plant is sunflower (Hclianthuh), and an example 
of a UAcfut cmcifera is rape (rape ?!ccd, e.g. Brtu^ica napus). 
Tbc vegetable protein SQUXCC is prrfcr^bl y soy bcaa, 
Tlie pfOtcinaccous vegetal 7 Ic subjiCtcd tq the method of 
3S the invention may be provided ic any form, including 
"processed Corma" wherein the pri^iicin cuntenl of the dry 
matter is inaeased before the protein suhjec*ed to the 
method according to the invention. For insiarcc, soy protem 
raw materia) may obuined as soy betas, defatted scy flakes., 
V) soy meal, $oy coDcentratc or soy i.<;olatc. Such t>rotcinaceouA 
raw mater al Iv-pically cr^rtains from about 42% to about 
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The two jciepA, (j>) »nd (h) of the rricthod of the invention, 
may be carried out ns consecutive steps, or the two steps may 
be carried OLt simultaneously. 

Also, tbc vegetable prate io source may be treated with 
one cnTyroc prcparatioa compriiing one or more pbyiasc 
cc^ymcs and one or more proteolytic enzyme*, or the 
vcgcublc protein »\irce may bc treated with two or more 
cEzyme coroprising a ooc or more phytasc enzymes and/or 
one or fnore proteolytic enzymes 

It iR at preseoi contemplated that die aiethod of the 
invention li pcfej^bly carried out at a pH of the suspenfiion 
of from about 3 to obout 9, morz preferabK of troiD abom 
pH 4 to about pH 7. 

It k also conlcmpliied ihit the method of the irrveotion is 
preferably carried nui m 4 tempcftturc of from about IO* Q 
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strain, cfther recovered from that ??tTain ct encoded by ;> 
T)NA sequftrtcx isolated frnm this ^iirsin and producxd in a 
host ofganisoa irflo^formecl wi'rh said DMA sequence. 

Tbc phytise cnyymc may be derived fronj the obcroor- 
gaaiwn in qncstioti by use of any suitable technique . In 
particular, the phytasc enzyme may be obtained by fermen- 
tation of a phyiase producing microcrgamsm m a suitable 
nutrient medium, lollowcd by isoUtion of the enzyme by 
methods knorwn in tbc an. 

Tlie broth nr meditun used for cultucing may be any 
convaniioiial medium Auitablc for growing the host cell in 
quefitioo, and may he composed according lo the priflciplcR 
of the prior art The medium preferably coo lam cirbon and 
citrogeo sources and other inorganic Raits. Suitable cncdia, 



to about 70* more preferably of from about 35** C. to " *^ g' mioirnal or complex cncdia, arc avflUablc froro com 

about 65* C- ^ racrci^l suppliers, or may bc prepared aooording to pub- 

1d a more Npcciiic emb^idimcDU ibe melboci comprijw^ the bshcd receipts, e g. the American Type Culture Collection 

subscqucm steps of (ATCO CalaloEuc of strains. 

0) swspcndmg a vcgetabJc pmtein source in water; After cultivation, Ibc phytasc enzyme Is recovered by 

(u) proicoIyticaUy hydroly^ing ±c protein by sulxjeomg 20 conventional method for isolation and purificaKon protein 

the suspension to enzymatic ixcatmcnl with one or more from a culture broth Wcll-knowrt purification procedures 



phytasc enzymes and one or more proteolytic enzyme; 

(iii) inactivatUJfi the eozymcii and optionally 

(iv) separating tbc hydrolyscd prctciQ from Lbc suspen- 
sion. 

InaclivHiioD of the enzyme may be carried out by coq- 
ventiooal methods for inactivatiog enzymes* e.g. heat 
trcatnjent, i.c, elevating the tcmpcranire of the hydrolysis 
suspension or mixture to a temperature wfaich denatnrcs the 
en7ymc5. typically to a tfimpen-Jiturc of above 85' C. 

The separating 5tcp may be ganied out by conveciinoal 
methods for ficpji rating hydrolysed protein from 
•iuspenAinnR, e.g. by ccntrifugation or memhrinc filtrating 
the su^DRion containiag the protein hydrolysate 



purification procedure? 
include separatinjt the cells from the mcdhini by ccntrifu- 
giation or filtration, precipitating protein tocovs coitipoaents 
of the medium by meanF of a salt mich as animoolum 
25 sulphate, and chatmatouraphit; methods Mich as e.jy[. it.jn 
cxcbanjjc ubrvinaiO)j[rapby, gel fUiraiion chrumMlograpby, 
aflfinity chromatography, etc. 

Alternatively, the phytiAC enzyme L"; preferably produced 
iti larger quantities using recombinant DMA techniques^ e.g. 
3C as described in EP-Al-0 420 358, which publication is 
bereby incorporaiecl by reference. 

Preferably, a fungus of tl»e «;pedcs A'?T>«rgi]liis which hn.s 
been tran'rf'nrrncd with ibe pbyta.se-cncoding gene obtained 
from the species Aspergilbis fiaitm or AspergiUwi m^r, is 



In general terms the method of the iuvcntwQ may be 35 cultured wnder conditions conducive to the expression of the 

pbytasc-cocoding gene as described in EP-A.l-0 420 35$. 

yht phytjse-coutainiug fermentation broth is preferably 
treated by means of both filtration and ultra-filtrttion prior to 
bcmg used in the (formulaitoa) of tbc present luvcntion. 

It is at present ccntemplaicd that an amovnt of phyta»e 
efficient for improving the solubility of the vegetable protein 
corre^onds k> of from about 2 to alxmi 50000 FYT (as 
defined below) per kg of vegcuble protcio source, prefer- 
ably of from about 50 lo about 30000 FYT per kg of 



carried out similar to conveniionaj methods fijr obtaining 
protein hydrolysatcs, c.g, as dcKcribed in U.S. Pat. No. 
i^lA^S, U.S. Pat. No, 4,100.024 and WO 92/15690, 
which publications are berrisy iocorporalcd by reffcrcDcc. 
Phyrase Enzyme* 

The method of the invention for d?e solubilization of 
proteins in a vegetable protein source comprises treating the 
vegetable protein souruc with an efficient amount of one or 
mor* phy1a.5c enzymcv 



In context of this invention, a phytaac «izymc ,s an 45 vegetable protein source, most Referred of from about 



enzyme which catalyzes the removal of inorganic phojipho- 
rmis from various myoinositol pbosphates. Phytasc enzyme?^ 
arc preferably derived from a microbial soutcc such is 
bacteria, fungi and yeasts, but may alto be of vegetable 

origin. 

in a preferred embodimceii, the pbytase enzyme is. derived 
from « funsal slTAiu, m parricuJaf a strain of A'lpcrgillus, c.g 
AsperiiUus nig^r Asper^Uus oryzay^ Aspergillus fkuum, 
Aspcr^ilhis au^amori, Aspet^iUus nidulans and AspersUlus 
terruua. Most prefCTrctl is a phylast en/ymc dtnvtsO from a 
suain ot A^ptrrgfJlus niger or k hlrdn A sptrgflu^ fjrvzae. 

In anoiher preferred embodiment, the phytase enzyme is 
derived from s bacterial strain, in particular a strain of 
Bacillus or a strain of Pscudomcnas. Preferably the phytaAe 
enzyme is derived from n strain ^(Bacillus mbtilL%. 

In yiet another preferred embodimeni, the phytasc enzyme 



100 



to about 10000 FYT per kg of vegetable protein source, 

Pr'otcolytic Ed7:TTne3 

The method of the invention for the solubilizatioo of 
proteins in a vegetable protein source alw comprise^ treat- 
ing the vegetable prolcin source with an eScicm amount of 
CDC or more proteolytic enzymes. 

The proteolytic enzyme miy bc a microbial cn;:ymc, 
pmfctably a protease dcri%xd From a bacterial or a fun&al 
strain. Of tie proteolytic eazymc may be Lrypsin or pepsin. 
In a preferred crobodimcnu the proteolytic cnzyinc in a 
bacterial proteaNc derived from a sojain of T3adllus, prefer- 
«bly a strain of Bacillus sutmJis or a strain of Bacillus 
lichcnifortnh. Commcrciilly available Bacillus proteases 
are AlcalaAC-^ and Ncutra.^eTw (n^vo Nordisk A'S, 
Deomatk). In another preferred embodiment, the proteolytic 
enzyme is a fim^^ protease de-ivcd frorn 3 of 
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ctablc :>fr>tein cnrrcspords to of from abouL 0.000 1 m alY>ut 
0.5 AU (is defined bclnw) per kg of vegelahic pmiein 
<^)rcx, piefcrably of from ttbm t O DOl to about 0.05 AU pt: 

of vegetiblc protein souroe, moic preferred of from about 
O.CX)5 to aboul 0.03 AU per kg of vegetable protein source 
AdditiOfi&J kn9:yTT)cs 

As described Above, th* presedL invention provides ;i 
meihcxl for the sohjbili7^iioo of proteins in l vegetable 
protein source, whicli meihod cooiprisefi the stcpts of 



{^) trfttling the vegcttble protein source with an efficient lo tbc *mmal is improvf d. 



When iddcd to animal feed, the cnmbinauoTi r>r one or 
mr>Te phyti5e enTymcs ami one r>r more proteolytic enzynics 
improves the ^vaibbiliry of the proteiHA pn^seDt in animal 
fccc! of vegetable origin, thereby Icactng to mcreased exir*c- 
Hoo of Ibe Vegetable proleins, higher protcio yields and 
improved protein utilization. 'I'hcr*by, the nitrogen digest- 
ibility and the nutritive value of the fodder becomes 
iticremscd, and the ^owtb rate audio r feed converaioc ratio 
(i e. the weight of ingested feed relative tn weight gaiti) of 
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amount of one oir more pbyti.sc enzymes; and 

(b) treating the vegetable prolein source with an cfiBci«i£ 
amount of one or more proteolytic enzymes. 

The two 5tepSy (a) and (b) of the method of the iuvcntioD, 
may be carried out an coowculive Mep^ or th« two tAcp^ may 15 
be carried out simuliaTKoiuily. 

In a preferred embodiment, the method of the invention 
further comprises the step of 

(c> treating me vegetable pfoicin j»ourcc with an efficient 
amciiDt of one or more enzyme* selected from the Rrmip 
coDsistinR of hpolytic cnzymcss and ghicotidase enzymes. 

The three steps, (a), (b) and (c) of the method of the 
invention, may be carried otit as consecutive steps, or the 
three steps may l>c carried out simultaneously. Or the two 
sicps. (a) and (b) of the method of Ihc inveolicm, may be 
carried ijimullanM,]iJss followed by ijicp (c). 

The lipolytic enzyme of step (c) may be anv triacylglyc- 
crol lipase (EC 3.1.13). 

The glycoftidasc cnz>'me of step (c) may be any glycoii- 
dase eTi7,ymc (EC 3:2, also known as cartxihydrascs). 
Prcfcrabfy, the glycoKidavi enzyme L<j iq amylase, in pur- 
ttcular an rt-amylasc or a fl-amyla«, a celluljiw;. in partioi- 
lar an endo- l.4-fl-g1ijcana.%c (EC Ti l. 1 .4) or an endn-I 
glLtcinasc (3.2.2.6), a xylanase, in particular an endo-1.4-[5- 
gliicana&c (EC 3.2.1.8) or a xylao^odo-l^-^-xylosidflsc 
(EC 3.2.1.32), an a-galactowidase (EC 3. Z 1.22), a polyga- 
lacturoQa.sc (bC 3.2.1.15, also kncnvn as pectina.-^:!;), * 
ccl]ulose-l,4-fl-c^llobio*jda.w (EC 3.2.1.01., abo known w 
ccllobiohydrolascs), an cndQgI\jcaiiafic» in particular an 



[d th« context of this icvcntioo, an animal feed additive is 
an enzyme preparation comprisjag one or more phylase 
enzymes and one or mor« proicalytic eozymcn aod suitable 
ciirpier!i and/'or excipient^, ind which enzyme preparation is 
provided in a form that h suitable for being added to animal 
feed. The animal feed additive of the iavention may be 
prepared ID accordance with methods known in the art and 
may be in the form of a dry or a lionid prcpuralion. The 
enzyme to be iactidcd in the prepaiatioQ, may optionally be 
stabilised ID accordance with mothod« known in ODe art. 

In a specific embodiment the animal feed additKx of the 
icvcDtioo is a granulaicd enTymc product which may readily 
be mixed with feed components, or more preferably, form a 
t:nmpoDcnt of a prc-mix. The gtamlatcd znzymc prodnci 
15 njay be coaled or uocoaied. The particle sLa; of Ihc enzyme 
t^ranulnlcs preferably is coEDpab*b]e with IhaL yC feed and 
ptt-mix components. This provides £ safe and convcEieoi 
mean of incorporaiing the cnzyni« into feeds. 

In aaorher spcdflc embodinicDt, the animal feed additive 
50 of the invention i* a stabilized liquid composition, which 
may he an aqtieou.<i or oil -based sltiiry. 

In yei another fipe^rific embodiment, one nr more of the 
cnTyTTie.^ are ipjibcd before or ;ifter pelleting or cxtmsion of 
the feed, 

The animal feed additive of the invention msy exert its 
effect cither in vitm (by modifying component"? of the feed) 
oT in vi\'o. Jbc feed additive of the invention is particularly 
sujtcd for addition to animal feed compofiitioos containing 
high amounts of proteinaceou.i vegetables in particular 
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'?,f°"-^^"^;=^^''\'!lT-,.(^^ 3.2 1.75) an cnclo.l,2-p- legumes, cereals, c;mposi"«" plaiits ;rcrJd^^^ 
glucanafw: (EC 3.2.1.71), an cndo-l^'P-^lucansse (EC ' . ^ . i^r*Diy, 



3.2 1JJ9) 01 an codo-l^-oL-glvcaoasc (EC 3,2,1.59) 

Tn a more preferred embodiment, the gluoosidase enzvmc 
is a polygalacturonase (EC 3.2.1.15), a ccUnlow-l 
ccllobiosidiific (EC 3^.1 .91), or an cndoglucanasc, prefer- 
ably flD endo-l,6-p.glucana9c (EC 3.2.175), an cndo-l^- 
p^ucanasc (EC 3.2.1.71), an cndo.I,3-p-glucaf5aftc (EC 
3.2U9) or an cndo-l^-d-Blucanasc (EC 3.2.1.59). 
Industrial Applica*. 

The method of the invcntjcTn for the soIubiJizabon of 
proteins in n vegetable protein Source, may find ftpplication 
in various indnxtrTc&. Jo particiikf the method of the invcn- 
tiou find application for the prcpaiation of protein hvdroly- 
?istcs useful as nutrients, e.g. as nctritjona] additives io foods 
and beverage*;. 

Therefore, in dnoibcr iwpect, rbe prc?«m lEveniiyn alio 
provides a prolcm hydrolyRaic obtaaoed from i vegetable 
protein source by the method of the lovemion. 

The piotein hydroly«;ate of the in\'cntioo may be added to 
food*; or beverages, theneby increasing the nuix'iiioDal vtilvo. 

Id particular the protein bydrolysate of the itivention may 
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the legume is soy bean, faba bean, pea, and/or hipine 
{Lupinus a!bui). Most preferably the legume is soy bcflns. 
Preferably, the oernd is wheat, com, barley, rye, ost, ric^, 
sorghum, sesame {Sesamum indicum\ and millet {Pamcum 
miHaceufn). An example of a compogite plant i?i sunflower 
(Helianthu?), and an example of a nsefol crucifera is rape 
(rape seed, e g, Brassica napus). 

In another preferred embodiment, the tnvtnticn pro^'idc.-j 
in animal feed additive which comprises 3nc or more 
50 additional enTymcs selected from the group cocgistinj5 
lipo(>iic cn7>T7ic.s and .i^luocsid^ en^symcs. 

The lipolytic enTyrDc may be nay Iriacylplycerol aoa^e 
(EC 3.1.1.3). ■ 

TbeglycDstdjisc enzyme may be any glyco.sidnsc cnzyrDc 
ss (EC 3.2, il.st> known ii^i curbo hydra scs). Preferably, Ihc 
glvcuMdiiM; enzyme is an aroyla.sc, in particular jo 
a-amylasc or a P-amylif*. a ce]lu)asc, in particular an 
ct]doO,4-(5-s]ucm]ase (EC 3.2.1.4) or an cndo.l,.Vp^ 
^ucanaAe (3.2.1.6X « xylina^. in particular an endo-1 4-B- 
glucanaAc (EC 3.2.1.8) or a Kylan^do-l^-P-xylosidasc 
(EC 3.2.1.321, an a-gahctosida.^ (EC 3.2 I.22^. a polvsra- 
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in a mnrc preferred emhodiTncTitj the ghicnsidase enzyme 
Is X poIy^Alftctiirnn^sc (EC 3 2.1.15), a celhiloscl .4-P- 
ccT)otnosic1ase (EC 3.2.1.91), t3r an cndoghJCiDJisc, prefer^ 
ibty an endo-l/i-f .gliicinAse (EC 3.21.75), an cndo-ia- 
p-glngjinase (EC 3 2.1,71). ao endo-l.S-P-glucAnagc (EC 
3-2.1,39) or m cndo-l,3-a-gliicanasc (HC 3 2 1 ^y) 

It is a t present contempt led ±at Ihc pH of the anim»] feed 
additive should bt in tbc range of frorn iboui pH 2 to about 
pH S. 

[1 is Bt present contemplated that tbc tniOTint of pbytasc 
activity ia the animal fctd idditjve should be it) tbe range of 
from about 200 to ibout SOOOO FYT(m defined below) per 
gram of th» total compositiofl, preferably in Lhc range of 
from ibout sno to about lOOOO FYT per gram of the toul 
compo&ihm , roost preferred in ih* r augft of from aboui 2000 :5 
to about 6000 FYT per gram oF the total compowtion. 

PrEf«rably, the amount of idditjve added tn tbc aoimal 
feed should be sufficient lo provide i feed oomposilion 
cootainine at least 50 FYT per kg feed, more prefer ibly, 
bctT^ccn about 100 and about 2000 FYT per kg (red. lo 

It is tn he understood thut the actual amount of Pbytase 
Units which should be added to the feed in order to enhance 
tbc nutritive value, i.c, tbc (litrogcn digestibility, will dcpcod 
on the composition of the fced ibiiclf. f eedslufis comaiaiuR 
high arntHinti* of phytic «cid will generally require the is 
yddilion of higher imounLs oCphytajki activity. The ncccti- 
*iary amount of phytas* may tdsily by detenniDcd by the 
skilled pctM. 
Phyta^c Activity (FYT) 

The phytasc activity may be determined using sodium 30 
phytate substrate. When subjected lo the action of 
phytasc, innrganic phnsphnrous iR lihcntcd from sodium 
phytate. fr a fermms/molyhdentjm containirig reagent, phoft- 
phoroos (PO4) forms « complcx, wbicli Can be monitored 
spcctropholomctrically at 750 nm. 35 

One Phyiasc Unit (FVT)i!k defined as tbe amount of 
enzyme wbich under standard conditioafi (i.e. nt pH 5.5, 37* 
C, a stibstr^t* couecntration of 5.0 mM sodium phytate, lod 
J reaction time of 30 minutes) liberates^ 1 /anol of phosphate 
per miniite. 

A standard operating procedure EAL-SM-0403.01 
describing this analytical method in more detail is available 
vpon request to Novo Norchslc A/S, Denmark, which pub- 
licfttion i& hereby included by reference. 

Protease Activity (ALT) 45 

The proteoljijc activity iray be dctcrmioed with dena- 
tur«d hcTnoglobin *^ ?5Tibstraic. In the Anson -HeirioglobLti 
method for the dctcrmiDatiofi cf proteolytic activiiv dena- 
tured hemoglobin is digCAtcd, and the undigested hemoglo- 
bin is precipitated witb trichloroacetic jcid (TCA). The lo 
£TDOTJnt of TCA Soluble product 13 dctcnm'ncd with phecol 
iea^;rnt, which gives a blue color wiib tyrosine atid tryp- 
lophaa. 

Ooe Anson Unit (AO) is defined as the amount of enzyme 
which under sLaodurd coDditiun^t (i.e. 25" C„ pH 7^ and 10 :5 
min. react ior time) di^te hemoglobin at an iniliaJ rais such 
tba! there is libenitgd per minute an atnount of TCARolvblc 
product which gives the same color with phenol reagent as 
one miniequivalcDt of lyrosine. 

A folder AF 4/5 describing the aDalytical meibod in more 60 
dctii] iA avail ihlc upon rwpiest to Kdvo N"ordi.s> A^. 
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Example l 

Soy Protein HydmlysiR 

Soy protein conccotraic (IJoico 75. Tj>c1ers CtooWflan, 
NL) was su*^ndcd in deioTiiswd w«-iter at 50* C. 

The mimrc was heal treated »» 85* C for 3 minuter and 
cooled to 55' the teoapcrmtare of hydrolysis. pH was 
adjusicd to 8.5 using 4 N NaOH. 

Thc mixture was divided mto three vessels for three 
comparative experinieoU: 

1) Hydrolyaidg with: 
Alcala^c^ 2A dosage 2 w/w % of protein coQlctM. 
Ncutrase"^ 0.5 L, dosage 1 wAv % of protein content. 
Phytasc Novn™ (an Aspergilhia phytasc, 6900FYr/g), 

dosage I .Tig/g soy caoccntratc. pU idjustcd lo 4^ 
with Ha. PhytBsc is added when pHi;6.r). 

2) Hydfolyj^ing with: 
Alcalase™ 2.4 L, dosage 2 w/*w % of pn;>tcin content. 



3) pH was adjll^^tcd to 6.2 using HQ. Pbyta.^ Novo™ (an 
Aspeiginus phytiise, 6900 FYT/g), dosage 1 mg/g soy 
ooncicntratc. 

The three hydro lyses were followed by monitoring tbc 
degree of byAolysis and the osmolality. The results are 
jprescDtcd i£) Tables 1-2, below. 

TABLE 1 





Exp. I) 
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103 


302 


1C3 


11 






MS 


55 


2:1 




147 


6$ 


23Z 


201 


1» 


125 


U\ 




H2 




250 


121 


1«»0 



TABLE 2 



T>:rQB ef R ydrolw;^ % OH 







Ex?. 2) 


Exp. 3) 


20 


12.2 


11.9 


-IP 






12.6 


-1.6 


i':t 


13,2 


12^ 


-2.0 






i?0 


-2.S 


IPO 


JS.5 


I^t2 


-2.4 



Both uicawrctneotR of ibe degree of hvdroIysiA ('%DH) 
sliQw an increased degradation of tbc subMratc. Eiperinicni 
I yjclded more solubiljzcd protein (78.89f,) whco compared 
to Experiment 2 (71.3%). 

E;rampk 2 
In Vitro N-digeslihility of Soy Bean Meal 
Two simpler wcr« prepared: 
Sample A; 1 ft of soybean meal 
Sample B: 1 ft of soybcao meal ^ith addition of 0.0^2 g 
PbyUM NovoT« (an Aspergiilus phytasc, 5000 FYT^g) 
Each sample was incubated with pepsin at pH 2.4 for 2 
bniir<; r'->i:nwed hv incnhsrirxi w-'h pa^r'^.^ii- it -Tf ^ y ^. 



- . . . i V r ^ : 

umit:nt; itic ^[]ix of the im'f^r^nnn dii:i5«^ 
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The N digcfiriWIity was calculaiAd followi^: 



10 



33 



:oo 



Tbc pfOteiD digestibility was calcuUtcd by multiplying 
the nitrogen (N) digestibibty by 6.25. 
TTk fGllawirg protein digcsribility rcstilis were obtained: 
Simple A (wiibou: pbyiasc): 88.4% 
Sample B (wiib phyLast): 89.9% 

Example 3 

Cflfcci of Phytaac oo Apparent Nitfoj^en Digestibility aod 
Nitrogen UtilizJilioo in Pigiji 

Bulaoce Uitl^ on pigs (weighd ^-52 kg) oo i hadey- ]? 
whcit-Fpy diel. 
£>)«( 

Barley 50.8% 



Soy 24.0% 
Animal fat Z0% 
McUs8< 1.0% 

Minerals, vitamins and amino acids 22% 

Nn additinn nf inorgaflic phnspbit© to the diet. The diet 
waA pelktizcd at a temperature of abcvn 60* C 

Balance trial wa* TOoducted with an adaption period of 5 
days and a 7 d*y5 oolleaion pcnod 

12 pigs were divided into two group*. Tlic ftret grotip was 
fed the diet and the second group wax Fed the same dwi but 
With addition of 203 g/100 kg feed &f Phytjuu; Novo"™ (an 
A&pcrgi'tw phytaAc, 7.^70 FYT/g). 

Tbc content of uitmgcn in the dict^ Faeces nnd urine wa^ 
mcaflurcd and the appir«nt nitrogen digestibility and nitro- 
gen utilization war calculated. 

The result*; arc presented in Tible 3, below. 
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TABI^ 3 



N^troRRT (g/6ry) Diet without rlrrfiw Diet wiJh PhyiBie .S.R.M 



Urine 
Drpofit 



+^-5 
e.s 

17.4 

n6 



19.5 



0.8 fiS 
0.6 >fS 
0.1- 



•p 0.01 

MS {r»t ii^nlficnTit): p C. Cyf 
S.E.M: «innd»rd error mcnTi 



We claim: 
1 An aniwal 



feed 



addUivc coixpriAing one or more 
pbytiscs aixi oDc or more bacterial protcalytig enzymes. 

2. Tbc aniina] feed additive of claim 1, further cnmprisiiigc 
one pr more additional enzymes selected from the group 
consistiDg of lipolytic enzyme* aixl glucosida*;c cnz>'mcs 

3. The anima: fetd additive of claim 2, in which Die 
glucoKidflsc enzyme is selected from the grovp coofiifiting of 
a carbohydriRc, amylase, cellulase, xyUnase, 
a gaJuctosidiflc, polygalacturonase, and cellobiohydrolase. 

4. "llae animal feed addrtive of cUim 2, m which the 
gJiicosidase enzyme is i poiygaJacturonase, ocU;iJo*<-] ,4-p. 
ccUobiosidsne, or eQdoglnc;»n<i*;. 

? The ^inin.il feed ird:'ivf -'^i-, t M --rr - 



7 The animal feed addnivc of claiiTr 5, wherein ihc 
phytJisc is a bictcri.-il phytAfie derived fiom a .strain of 
BacilluR or Pseudomooas. 

8- The animal feed additive of claim 5, wherein the 
phytasc 13 derived from Khjveromyccs or Saccharooinycc*, 

9. Tbc an^rnal feed addiUvc of claim 1, wherein the 
pro iett.se is derived Irum t nlimn of BaciUub. 

10. An aoimal feed comprifiing odq or more feed 
componeniR, nnc or more phyr^scs and one or Fnarc baclcriji] 
proteolytic enzyme^. 

11. The animal feed of claim 10, further comprising one 
or more addibonaj enzyme* selected from ihc group coo- 
Aisling of lipolytic cncymcs and gluoosidasc eny.ymes, 

12. The animal feed of claim 11, in which :hc fjucosida^c 
en7.yfne is selected from the group coosistinR of a 
carbohydra^, amylsRc, ocllula.^, icylanase. a-galacicYtidase, 
pQlygMactnrona.sc, and cellobiohydrolase, 

I^. 1 he anjmal feed of claim 11, in which the glucosidasc 
enzyruc is a polygalacturonase, cellulosc-l,4-|3- 
celiobiosidajw;, or codoglucanasc. 

14. An animal feed comprising a protein hydro lyzate 
o»>tained by treating a vegetable proteio source with ooc or 
more pbytascs tad one or more baclehal proteolytic 

cnTVTTieS. 

15. A method sohihilTzjng proteins itt a vegetable pfoicin 
source, which method coirpris<» the ^tcps of 

(a) treating tbc vegetable protein wvxce with an efficient 
amouitt of ODc or rpore phylasc enzyme*; 

(b) treating the vegetable protein source with an cfi&cicBt 
amooint of one or more badcrial proteolytic cnTyrncs; 
and 

(c) treating the vegetable protein source with an efficicct 
amount of one or iDore lipolytic enzymes and'or one or 
TTiorc gluco^idasic enzymes. 

16. llie method of claim IS, in which the glvcosidaAc 
enzyme is selected from the group consisting of a 
carbohydrate, amylase, oclluhse, xylana.vi, a-galaciGRidase, 

>io polygalactUfODaw, and cellobiobydrolase. 

17. The method of claim in which the glucofiidasc 
enzyme a polygal.icturonaac, celluIo.nc.l,4.p- 
cellobiosidaac, or endoghcaoase. 

IS, The method of claim 15, wherein steps (a), (b) nnd (c) 
arc carried out (jimulianeonfily, 

\9, Ibe method of chim 15, wherein the phytasc is a 
vegetable phytasc. fungal phytase, bacterial p'hvta.sc or 
phytajic derived from a yeast. 

20 The method of claim 19, wherein ihc phyiasc » 
set funcal pbyta.^ derived frt:>m a !«rain o: AspergiUys, 

21. The rne±od oF chim IP, whcpciQ ibc phytasc i^ a 
bacterial phytasc cfcrrvcd from a strain of Bacilks or 
PsendnmoniA* 

22. The method of claim 19, wbcrem the pbylAjK i» 
tfcrivtd frwm Kluvcrimjycea or SaccharoTriytxs. 

23. The method uf claio 15, wherein ihe prolcii^w is 
derived from ji strain of Bacillu.a. 

24. The method of claim 15, wberein the vegetable protein 
source is a legume, corrpCBitc plant, crucifera. ccr^il, or a 
mixt\)rc theneof. 

25 The method of claim 15, wherein ihc vcperahlr rrr trm 
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2fi. A mcthnd of producing \ prolCiTi hyrimlyrate, cnm- 

(a) treating a vegetable protein source with an efficient 
srncuDt of occ or oaore phyiasc enzyme*, 

(b) tJcatiTig ibe vc^tobJc protein fiouroc with ad cfficicDt ^ 
Amount of One or more bacttMial proteolync enzymes; 

(c) trtaling ihc vegetable protein source with an eflBcicol 
amcnjDt of ooc or morc lipolytic enzymes and/or one or 
more gluco&idLfic enzymes. io 

29 Tbc method of claim 2fl, in which the glucosidasc 
enzyme w selected from the grovp consisting of a 
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carhohydrflsc, amylase, oellula.^, 'fylani-se.rt-giTagtcRidasc, 
polygalacturooafic, ^ind cellobiohydrolasc. 

30 The method of claim 29, in which the glucosidasc 
cn-6yme is a polygalaui uronase, ccJIulcse-l ,4-P- 
ccllobiosidftsc, or cndoglncsnase. 

31. AmcthcKl of iDCTcasiQg nitrogen digcAibility and ihc 
nutritive vahie of food or improving the ffrcrwth ijite and Trcd 
convert' nn ratio of an nnjma], comprising feeding the arri- 
mal with an aoimal feed of claim 10. 
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